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marked Vi of Fig. 118. Even though the temperature of the
filament is raised to the melting point, the space current remains
constant. If, however, the experiment is repeated using a larger
voltage for the battery B, it is found, on starting again with the
filament cold, that the relation between the space current and
filament temperature is the same as in the previous case for low
temperatures. At a certain temperature, however, the space
current again becomes constant but has a larger value than
before, and takes place at a higher filament temperature. This
is shown by the curve Fa of the figure. Repeating with a still
higher voltage, the curve F3 is obtained.

The limitation of the space current in this case is due to the
action of the electrons which constitute it. Consider an elec-
tron which has just emerged from the filament. If it were the
only electron between the filament and the plate, it would be
acted upon by an electric field which depends only upon the dif-
erence of potential between the filament and the plate. If how-
ever, there exists between this electron and the plate a second
electron, the force on the first electron will be less than in the pre-
vious case since it is repelled by the second electron. The fact
that the second electron may be in motion makes no difference so
long as its velocity is less than that of light. If, now, there is a
swarm of electrons of sufficient number between the filament
and plate, their repelling action on freshly emitted electrons will
just balance the attraction of the positively charged plate and there
is no tendency for them to move, until some of those near the plate
have entered it and thus reduced the number in the swarm.
Electrons from the filament will then enter the swarm keeping the
number between filament and plate constant, thus giving the steady
space current observed, If the plate voltage is raised, it will re-
quire a larger number of electrons in the space to neutralize this in-
creased potential gradient. Furthermore, electrons will be drawn
out of the swarm more rapidly thus requiring a larger number to
enter it to maintain equilibrium and the space current is
thereby increased.

From the explanation just given, it may be inferred that the
maximum space current which can be obtained for a given diff-
erence of potential between filament and plate depends upon the
shape, dimensions and spacing of the electrodes. For a tube
having a cylindrical plate of radius r, and a straight filamentis as follows: Since the to the ionimtion current. of this
